(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




(43) International Publication Date (10) International Publication Number 

5 December 2002 (05.12.2002) PCX WO 02/097982 Al 



(51) International Patent Classification^; H03G 3/10 

(21) International Application Number: PCTAJS02/ 10981 

(22) International FiUng Date: 5 April 2002 (05.04.2002) 

(25) Filing Language: Hnglish 

(26) Publication Language: English 

(30) Priority Data: 

09/865^66 25 May 2001 (25.05.2001) US 

(71) Applicant: MOTOROLA, INC. [US/US); 1303 East Al- 
gonquin Road, Schaumbuig, XL 60196 (US). 

(72) Inventors: PAVIO, Anthony, M.; 6431 East Joshua Trcc 
Lane, Paradise Valley, AZ 85253 (US). ZHAO, Lei,; 2641 
West Shannon Court, Chandler, AZ 85224 (US). 



= (74) Agents: KOCH, William, E,; Corporate Law Department, 
^5 Intellectual Property Section, 3 102 North 56th Street, MD: 
AZl 1/56-238, PhoenU, AZ 85018 et al. (US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DB, DK, DM, DZ, EC, EE, ES, 11, GB, GD, GE. GH, 
GM, 1 IR, 1 lU, ID. IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, I^, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, FF, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ. TM, TN, TR, TT, TZ, UA, UG, UZ, VN, 
YU. ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (Gil, GM, 
KE, I.S, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD. TG). 



Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations'* appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: APPARATUS FOR AMPLIFYING A TELECOMMUNICATION SIGNAL 



n 

00 

ON 

On 

O 



r-1 

- 42- 



56 
, "In 

T 

- 44 



70 



— J _ ^ 

"fin \_K 

— ^— — 11 



-'I-i- 



56 56 



56 



74^ "^2 



"^1 fffn. 
J> In. 



70 



52 54 



*h 



'11 



^74 72 '1, ^ 



70 



"S3I 



«Bi»-i«vr'*!l 



T 




H 

MTPUI 

i 1 



TS II 



(l rWn. 



70 



.04 



66 



-54 
Ti. 



lAViFOH 
CWTWtlB 



] 




OUGHTOK) 



TIHE 



(57) Abstract: Methods and apparatus (40) of amplifying a telecommunication signal (41) comprises an input transmission line (48) 
configured to receive Ihe telecommunication signal (41), an output transmission line (50) configured to provide an ampli fied output of 
the telecommunication signal (41) and N amplifier sections (42,44,45,46) having a transistor (52) connected to the input transmission 
line (48) and the output transmission line (50). The apparams (40) further comprises a waveform controller (84) connected to the 
transistor 52 and also configured to identify a signal level of the telecommunication signal 41 . The waveform controller 84 is further 
configured to generate an independent biasing voltage for the transistor 52 such that the at least one of the N amplifier sections 
(42,44,45,46) is configured for active operation and non-active operation based at least in part upon an evaluation of the signal level 
and an output power of the apparatus is reduced without a substantial degradation in an efficiency of the apparatus. 
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APPARATUS FOR AMPLIFYING A 
TELECOMMUNICATION SIGNAL 



5 FIELD OF THE INVENTION 

The present invention generally relates to 
amplifiers, and more particularly to methods and 
apparatus for amplifying a telecommunication signal. 

10 

BACKGROUND OF THE INVENTION 

Distributed ait^lifiers and mixers have been used 
extensively for many years in a variety of broadband 
system applications such as microwave receivers, wide- 

15 band transmitter exciters and low noise oscilloscope 
preairplif iers. Distributed amplifiers are conventionally 
configured to employ multiple amplifier cells within the 
distributed tremsmission line networks. The 
conventional configuration of multiple amplifier cells 

20 within distributed transmission line networks generally 
exhibits the desired increase in gain. However, the 
efficiency of the conventional configuration of multiple 
amplifier cells within the distributed transmission line 
networks degrades with a reduction in drive power. 
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Referring to FIG. 1, a distributed amplifier 10 is 
illustrated according to the prior art. The distributed 
amplifier 10 is shown with multiple cells {12, 14, 16) . 
Each of the cells {12, 14, 16) includes a field effect 
5 transistor (FET) 18. The drain terminal 20 of the FET 18 
of each of the cells (12, 14, 16) are coupled with 
output-line inductances 22, which are connected to an 
output-line ground 24 with an output-line termination 
resistance 26. The gate terminals 28 of the first FET 18 

10 of each of the cells (12, 14, 16) are coupled with input- 
line inductances 30 that are connected to an input-line 
ground 32 with an input-line termination resistance 34. 

The distributed amplifier 10 of the prior art as 
illustrated in FIG. 1 has a lower output with a reduction 

15 in the drive power. However, the Direct Current (DC) 
power consumption is not substantially reduced so that 
the Power-Added Efficiency (PAE) of the distributed 
amplifier 10 of the prior art degrades as a fiinction of 
the output power (Pout) • An example of PAE degradation as 

20 a function of the output power (Pout) for a distributed 
amplifier of the prior art is illustrated in the graph of 
FIG. 2. 

This PAE degradation as a function of output power 
(Pout) is especially evident when the distributed 
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amplifier 10 of the prior art is utilized to amplify a 
telecommunication signal, such as a Code Division 
Multiple Access (CDMA) signal, a Time Division Multiple 
Access (TDMA) signal and a Global System for Multiple 
5 access (GSM) signal. This PAE degradation as a function 
of output power (Pout) in amplifying a telecommunication 
signal is at least partially due to the sizing of the 
distributed amplifier for peak power. Since the 
distributed amplifier is sized for peak power but 

10 operates predominantly at the average power level of the 
telecommxinication signal, a typical distributed amplifier 
configured for amplification of the telecommunication 
signal exhibits less than desirable PAE. 

In view of the foregoing, it should be appreciated 

15 that it would be desirable to provide methods and 
apparatus for amplifying a telecommunication signal with 
the apparatus ajid methods providing a PAE that is not 
substantially affected by a reduction in the drive power. 
Furthermore, additional desirable features will become 

20 apparent to one skilled in the art from the drawings, 
foregoing background of the invention and following 
detailed description of a preferred exeitqplary embodiment, 
and appended claims . 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will hereinafter be described 
5 in conjunction with the appended drawing figures, wherein 
like numerals denote like elements, and: 

FIG. 1 is a schematic circuit diagram of a 
distributed amplifier according to the prior art; 

FIG. 2 is a graph illustrating the Power-Added 
10 Efficiency (PAE) degradation as a function of the output 
power (Pout) for a distributed amplifier of the prior 
art; 

FIG. 3 is an apparatus for amplifying a 
telecommunication signal according to a preferred 
15 exemplary embodiment of the present invention; 

FIG. 4 is an enlarged view of an example of the 
telecoiranunication signal and the predetermined levels of 
FIG. 3; 

FIG. 5 is a constant~K with M derived half -sections 
20 configuration of the input transmission line and/or the 
output transmission line of FIG. 3; 

FIG. 6 is a constsint-R configuration of the input 
transmission line eind/or the output traxismission line of 
FIG. 3; 
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FIG. 7 is a graph illustrating the PAE as a function 
of the output power for the apparatus of FIG. 3 that is 
operated according to the method of FIG. 7 according to a 
preferred exemplary embodiment of the present invention. 

5 

DETAILED DESCRIPTION OF A PREFERRED EXEMPLARY EMBODIMENT 

The following detailed description of a preferred 
embodiment is merely exemplairy in nature and is not 

10 intended to limit the invention or the application and 
uses of the invention. 

Referring to FIG. 3, an apparatus 40 is illustrated 
for amplifying a telecommxinication signal 41 according to 
a preferred exemplary embodiment of the present 

15 invention. The apparatus 40 is comprised of an input 
transmission line 48 that is configured to receive the 
telecommunication signal 41, an output transmission line 
50 that is configured to provide an amplified output of 
the telecommunication signal 41 received at the input 

20 transmission line 48, and N amplifier sections (42, 44, 
45, 46) having a transistor 52 connected to the input 
transmission line 48 and the output transmission line 50. 
The apparatus 40 is further comprised of a waveform 
controller 84 that is connected to the transistor 52 of 
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at least one of the N amplifier sections (42, 44, 45, 46) 
and configured to identify a signal level of the 
telecommunication signal 41. The wavefoann controller 84 
is further configured to generate an independent biasing 
5 voltage for the transistor 52 of the at least one of the 
N amplifier sections (42, 44, 45, 46) such that the at 
least one of the N amplifier sections (42, 44, 45, 46) is 
configured for active operation and non-active operation 
based at least in part upon an evaluation of the signal 
10 level and an output power of the apparatus 40 is reduced 
without a substantial degradation in an efficiency of the 
apparatus 40. 

The apparatus 40 can be configured to amplify any 
number of telecommunication signals. For example, the 

15 apparatus 40 can be configured to amplify a Time Division 
Multiple Access (TDMA) signal, a Global System for 
Multiple (GSM) access signal, and/or a Code Division 
Multiple Access (CDMA) signal. An enlarged view of an 
example of the telecommiinication signal 41 is shown in 

20 FIG. 4, which includes the predetermined levels (Li, L2, 
Ln-i, Ln) (100, 102, 104, 106) to be subsequently 
discussed in this detailed description of a preferred 
exemplary embodiment. However, any niiraber of 

telecommunication signals can be amplified with the 
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methods and apparatus of the present invention- In 
addition, the apparatus 40 can be configured to have N 
amplifier sections (42, 44, 45, 46) with N an integer 
preferably greater than one, more preferably greater than 
5 two, even more preferably greater than three, and most 
preferably greater than three and less than seven (i.e., 
N is most preferably four to six) . 

As previously provided in this detailed description 
of a preferred exemplary embodiment, the N amplifier 

10 cells (42, 44, 46) include a transistor (Ti, T2, Tk- 
X, Tn) 52 connected between the input transmission line 
48 and the output transmission line 50. The transistor 
52 is preferably a Junction Field Effect Transistor 
( JFET) , more preferably a High Electron Mobility 

15 Transistor (HEMT) and most preferably Pseudomorphic High 
Electron Mobility Transistor (PHEMT) . However, any 
number of transistor types can be used for the transistor 
52 of one or more of the N amplifier cells (42,44,45,46) 
in accordance with the present invention, such as a 

20 Bipolar Junction Transistor (BJT) and/or a Metal-Oxide 
Semiconductor Field Effect Transistor (MOSFET) . 
Furthermore, while the following detailed description of 
a preferred exemplary embodiment will describe with a 
single transistor configuration for the N amplifier cells 
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(42, 44, 45, 46), any nuinber of trcuisistors in any number 
of amplifier cell configurations can be used, including, 
but not limited to multiple trsmsistors in a cascode 
configuration . 

In accordance with the preferred exemplary 
embodiment of the present invention, the drain terminal 
54 of the transistor 52 of the N amplifier cells (42, 44, 
45, 46) is coupled with output-line inductances (Lout) 56, 
which are connected to an output-line ground 58 with an 
output-line termination resistance (Rout) 60 and an 
output-line capacitance (Cout) 62 . The gate terminal 64 
of the transistor 52 of the N amplifier cells (42, 44, 
45, 46) is connected to the input transmission line 48 
formed of input-line inductances (Lin) 72 and input-line 
capacitances (Cin) 74 that are connected to an input-line 
ground 76 with an input-line termination resistance (Rin) 
78 and an input-line termination capacitor 80 (Cin) . 
However, the gate terminal 64 emd drain terminal 54 of 
the transistor 52 of the N amplifier cells (42, 44, 45, 
46) can be connected to the input transmission line 48 
and output transmission line 50 formed in any niimber of 
electrical configurations. For example, a constant-R 83 
and/or a constant-K with M-derived half sections 81 can 
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be utilized in accordance with the present invention as 
shovna in FIG. 5 and FIG. 6, respectively. 

The gate terminal 64 of the transistor 52 of the N 
amplifier cells (42, 44, 45, 46) is connected to the 
input transmission line 48 with a biasing network having 
a first stability resistor (Rbii/ Rbi2/ Rbkn-di Rein) 

66 in series with a second biasing resistor {Rb21/ Rb22# 

Rb2(n-i)/ Rb2n) 68 in parallel with a first biasing 
capacitor (Cbh/ Cbi2/ Cbkn-i)/ Cbin) 70, and each of 

the biasing networks of the N cells (42, 44, 45, 46) is 
connected with a third biasing resistor (Raai/ Rb32/ . • . / 
Rb3(n-i)# Rb3n) 88 to a biasing source, with the waveform 
controller 84 configured as the biasing source for at 
least one of the N amplifier cells (42, 44, 45, 46) and 
more preferably configured as ^ the biasing source for more 
than one of the N amplifier cells (44, 45, 46) as shown 
in FIG. 3, However, one or more voltage sources can also 
be connected to the third biasing resistor (Rssif Rb32# 
. . . , Rb3n) 88 and configured as the biasing source for one 
or more of the N amplifier cells (42, 44, 45, 46) . For 
example, a voltage source can be conficfured to provide an 
average signal bias to the first cell 42 of the N 
amplifier cells (42, 44, 45, 46) as shown in FIG. 3. 
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The biasing of the transistor 52 for one or more of 
the N cells (44, 45, 46) by the waveform controller 84 is 
based at least in part upon an evaluation of the signal 
level of the telecommunication signal 41 received by the 
waveform controller 84 • The signal level can be any 
number of characteristics of the telecommunication signal 
41, including, but not limited to an instantaneous 
magnitude, instantaneous peak power, average magnitude or 
average peak power of the telecommunication signal 41, 
Depending on the results of the evaluation of the signal 
level by the waveform controller 84, the wavefomi 
controller 84 independently and sequentially applies a 
bias voltage to one or more of the N amplifier cells (42, 
44, 45, 46) . Preferably, the waveform controller 84 
independently and sequentially applies a pinch-off 
voltage (Vp) (i.e., the voltage at which the current flow 
between the drain and the source is reduced essentially 
to zero) to a predetermined number of the transistors 52 
such that the predetermined number of the N - amplifier 
cells (42, 44, 45, 46) is configured for a non-active 
operating region (i.e., which is also referred to as the 
nonsaturated region, triode region, or ohmic region, and 
the transistor is not biased for use as an amplifier) in 
an order beginning with the N^^ amplifier cell (46) while 
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maintaining a sufficient number of the N amplifier cells 
in the active region to provide proper amplification of 
the telecommimication signal 41. 

The evaluation of the signal level by the waveform 
5 controller is preferably a comparison between the signal 
level and predetermined levels (Li, L2, Ln-i# Ln) (100, 
102, 104, 106) . For example, the comparison between the 
signal level and the predetermined levels (Li, L2# Ln-i/ 
Ln) (100, 102, 104, 106) can be a comparison between the 

10 macpaitude of the telecommiinication signal 41 and the 
predetermined levels (Li, L2, Ln-I/ Ln) (100, 102, 104, 
106) that are magnitude levels of increasing magnitude 
{i.e., Li >Ij2 >... >Ijn-i >3jn) - The relationship between the 
magnitude of the telecommunication signal 41 and each of 

15 the predetermined levels (Li, L2, Ln-1/ Ln) (100, 102, 104, 
106) determines the number of the N amplifier cells (42, 
44, 45, 46) that are configured for active operating 
region in order to amplify the telecommunication signal 
41 without substantial degradation in the PAE of the 

20 apparatus 40. 

For example, if the signal magnitude of the 
telecommunication signal is determined to be at least 
equal to the first predetermined level (LI) 100 that is a 
peak magnitude level, the waveform controller 84 can be 
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configured to bias all of the N amplifier cells (42, 44, 
45/ 46) for active region operation (i.e., each 
transistor 52 is biased for use as an amplifier) . 
However, if the signal level is below the first 
predetermined level 100 and at least equal to the second 
predetermined level 102, then the Nth amplifier cell 46 
is biased by the waveform controller 84 for non-active 
operation while the other N amplifier cells (44, 45) 
under the control of the waveform controller are biased 
for active operation. Furthermore, if the signal level 
is below the second predetermined level 102, then the N 
amplifier cell 46 euad the N-1 amplifier cell 45 are 
preferably biased by the waveform controller 84 for non- 
jactive operation while the other amplifier cells (44) 
under the control of the waveform controller 84 are 
biased for active operation, and so forth. This allows 
the output power of the apparatus to be reduced without 
substantially degrading the PAE of the apparatus 40. 

The evaluation by the waveform controller 84 is 
preferably accomplished with instructions provided by 
software, or firmware, which is executed by a 
microprocessor or micro-controller of the waveform 
controller 84 . In order to allow the waveform controller 
84 sufficient time to evaluate the telecommunication 
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signal 41, the telecommunication signal 41 is preferably 
delayed with a delay device 108 prior to presentation of 
the telecommunication signal 41 at the input 110 of the 
apparatus 40 for amplification by the apparatus 40. The 
5 delay time (T) provided by the delay device 110 is 
preferably a sufficient amount of time for the waveform 
controller 84 to process the telecommunication signal 41 
and apply the appropriate bias or biases to the N 
amplifier cells {44, 45, 46) under the control of the 

10 waveform controller 40. Therefore, the delay time (T) is 
hardware and application specific . 

As can be appreciated by one of ordinary skill in 
the art, the apparatus 40 reduces the output power to a 
predetermined level based at least in part upon an 

15 evaluation of the signal level. The reduction in output 
power is preferably configured to be proportional to the 
number of amplifier cells that are configured for non- 
active operation (e.g., reduction in the output power is 
preferably configured to be M/N, where M is the number of 

20 amplifier cells configured for non-active operation) . 
Furthermore, the degradation in the PAE of the apparatus 
40 is preferably less than about a twenty percent, more 
preferably less than about a fifteen percent, even more 
preferably less than a ten percent, and most preferably 
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less thcin about a five percent reduction in the PAE from 
the maximum PAE corresponding to the maxirnxom output 
power. An exconple of PAE degradation as a function of 
the output power (Pout) is shown in FIG. 7 for the 
5 apparatus 40 . 

From the foregoing description, it should be 
appreciated that methods and apparatus are provided for 
amplifying a telecommunications signal that present 
significant benefits that have been presented in the 

10 background of the invention and detailed description of a 
preferred exemplary embodiment and also present 
significant benefits that would be apparent to one • 
skilled in the art. Furthermore, while a preferred 
exemplary embodiment has been presented in the foregoing 

15 description of a preferred exemplaary embodiment/ it 
should be appreciated that a vast number of variations in 
the embodiments exist. Lastly, it should be appreciated 
that these embodiments are preferred exemplary 
embodiments only, and are not intended to limit the 

20 scope, applicability, or configuration of the invention 
in any way. Rather, the foregoing detailed description 
provides those skilled in the art with a convenient road 
map for implementing a preferred exemplary embodiment of 
the invention. It being understood that various changes 
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may be made in the function and arrangement of elements 
described in the exemplary preferred embodiment without 
departing from the spirit and scope of the invention as 
set forth in the appended claims. 



« 
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CLAIMS 

What is claimed is: 

1. Aq apparatus for amplifying a telecommunication 
signal , comprising : 
5 an input transmission line configured to receive the 

telecommunication signal; 

an output transmission line configured to provide an 
amplified output of the telecommunication signal received 
at said input transmission line; 
10 N amplifier sections having a transistor connected 

to said input transmission line and said output 
t r ansmi s s i on 1 ine ; 

a waveform controller connected to said transistor 
of at least one of said N amplifier sections and 
15 configured to identify a signal level of the 
telecommunication signal, said waveform controller 
further configured to generate an independent biasing 
voltage for active operation and non-active operation of 
said transistor of said at least one of said N amplifier 
20 sections, 

wherein said .waveform controller is configured to 
generate said independent biasing voltage such that said 
at least one of said N amplifier sections is configured 
for active operation and non-active operation based at 
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least in part upon an evaluation of said signal level and 
an output power of the apparatus is reduced without a 
substantial degradation in an efficiency of the 
apparatus . 

2. The distributed amplifier of Claim 1, wherein 
said transistor of each of the N amplifier sections is a 
Junction Field Effect Transistor (FET) . 

3. The apparatus of Claim 2, wherein said 
reduction in said output power of said distributed 
amplifier is inversely proportional to the N. 

4 - The apparatus of Claim 2 , wherein the 
commtuiication signal is a Code Division Multiple Access 
(CDMA) communication signal. 

5 . The apparatus of Claim 2 , wherein the 
communication signal is a Time Division Multiple Access 
(TDMA) communication signal. 

6- The apparatus of Claim 2, wherein the 
commiinication signal is a Global System for Multiple 
(GSM) access communication signal. 
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7. A method of amplifying a telecommunication 
signal with a distributed amplifier having N amplifier 
sections connected to an input transmission line and an 
5 output transmission line, comprising: 

applying a first bias voltage to a transistor of at 
least one of the N amplifier sections connected to the 
input transmission line and the output transmission line 
for active region operation; 
10 evaluating a signal level of said telecommxinication 

signal; and 

modifying said first bias voltage applied to said 
transistor of at least one of the N aitplifier sections 
based at least in part upon said evaluating said signal 

15 level of said telecommunication signal such that said 
transistor of at least one of the N amplifier sections is 
configured for non-active operation and an output of the 
distributed amplifier is reduced without a substantial 
degradation in 'an efficiency of the distributed 

20 amplifier. 

8- The method of Claim 7, wherein said transistor 
of each of the N amplifier sections is a Junction Field 
Effect Transistor (FET) . 
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9. The method of Claim 1, wherein said reduction 
in said output power of said distributed amplifier is 
inversely proportional to the N. 

10. The method of Claim 1, wherein the 
communication signal is a Code Division Multiple Access 
(CDMA) communication signal - 

11. The method of Claim 7, wherein the 
communication signal is a Time Division Multiple Access 
(TDMA) communication signal. 

12 . The method of Claim 7 , wherein the 
communication signal is a Global System for Multiple 
(GSM) access communication signal. 
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"1/ aiMiiiiiMint ■rtifofc iBSf fimnr Anlbti cm piaiity daim^) or lASeh it Tim tho doenmast k tekm alow 
cited to ertiMbh lbs pifclioatioa drnto of anolbar dUdoa or otter 

specUl xueen (as spedfieS) 'T* docmnatt of piitfonlar xd0n]iB< Uw elafnuH^ ivivutiaB. oamol ^ 

oonsidoxod to ihtoIto aa invanttve step vlum fbe docmctsnt ii oamfbined 
'*<y* dennnwnt nlbrnikg to an onl diseloaaM, lue, odubitiAi or ottier wUb. one at mm othex cselL dwnawnt^ sash «oad>faiB>tSm being 
flieau ob^ooB to a peana BUHaa fa Che ait 

"P" aoeunenl ydbUshea pxiw lo tho intaxaaHoaal SBng date Vnl Ulsr mgf dooamMit mozobor of tho oaiiM tateat tutOST 
thas, QiA fpekftHtf da>tB olaxmel * 
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